¹³C tracer reveals phenolic acids biosynthesis in hairy root cultures of Salvia miltiorrhiza.
Rosmarinic acid (RA) and lithospermic acid B (LAB) are two typical phenolic acids with significant bioactivities that may contribute to the therapeutic effects of Salvia miltiorrhiza. Precise knowledge of the biosynthetic pathway leading to RA and LAB is a necessary prerequisite to optimize the production of important phenolic compounds in S. miltiorrhiza. In vivo isotopic labeling experiments using [ring-(13)C]-phenylalanine, combined with dynamic measurements of metabolite levels by UPLC/Q-TOF, were used to investigate the metabolic origin of phenolic acids in S. miltiorrhiza. These data indicate the in vivo phenolic biosynthetic pathway: two intermediates from the general phenylpropanoid pathway and the tyrosine-derived pathway, 4-coumaroyl-CoA and 3,4-dihydroxyphenyllactic acid (DHPL), are coupled by the ester-forming enzyme rosmarinic acid synthase (SmRAS) to form 4-coumaroyl-3',4'-dihydroxyphenyllactic acid (4C-DHPL). The 3-hydroxyl group is introduced late in the pathway by a cytochrome P450-dependent monooxygenase (SmCYP98A14) to form RA. Subsequently, RA is transformed to a phenoxyl radical by oxidation, and two phenoxyl radicals unite spontaneously to form LAB. The results indicate aspects of the complexity of phenolic acid biosynthesis in S. miltiorrhiza and expand an understanding of phenylpropanoid-derived metabolic pathways. The candidate genes for the key enzymes that were revealed provide a substantial foundation for follow-up research on improving the production of important phenolic acids through metabolic engineering in the future.